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A. Gilabert 2014 Experimental results on the conductivity and rupture properties of two-dimensional continuum crack deteriorated model systems are presented. Two different systems are considered. In case 1, cracks are randomly positioned on the bonds of a regular square lattice drawn on the continuous system. Our finite size systems barely reach the critical percolation regime. The results rather correspond to a mean field regime which may be described by effective medium theories. In case 2, crack positions and orientations are randomly chosen in the 2D continuum (« blue cheese »). In this case, strong screening effects allow us to obtain the critical regime and to measure the corresponding critical exponents. The measurements are compared with recent theoretical results which take account of the different modes of deformations occurring locally at the crack level. In particular, buckling in thin foils is found to be an important deformation mode which screens efficiently the stress enhancement at the tips of the cracks, thereby changing the critical exponents.
J. Phys. France 51 (1990) [1] [2] [3] or continuous damage theory [4] . These approaches apply when certain symmetries exist or when the concentration of cracks is not too large. However the weak crack concentration limit does not always apply in many systems of physical and industrial interest. This is our main motivation for studying the other limit of strong heterogeneity within the frame of the percolation model. A second motivation is found from the field of statistical physics where it was realized that the critical behaviour of electrical conductivity, fluid permeability, elasticity modulus and failure threshold was different in discrete-lattice percolation and in a class of continuous percolation models (« Swiss cheese » model [5] ) pointing out the existence of at least two universality classes of transport phenomena in percolation. Percolation of cracks (termed « blue cheese » model in [6] has been shown to yield still another critical behaviour worth studying for its own sake.
Many studies have been devoted to the theoretical prediction of the conductivity in disordered systems, but less work has been devoted to consideration of these predictions on the experimental side [7] . Benguigui [8] [9] have measured the conductance of randomly punched metallized mylar sheets and find the critical conductivity exponent t = 1.4 ± 0.2. Lobb and Forester [10] find the critical exponent t = 1.24 ± 0.13 for holes distributed on a continuum. All these results confirm the prediction of Halperin et al. [5] [6] . The geometrical properties of these systems which are reported in a separate paper [11] and the theoretical transport properties which have been previously analysed [6] are briefly summarized in section 2. In section 3, the measured electrical conductivity and mechanical rupture properties of the two models are described and compared to predictions. In the first case, the finite size of our system barely allows us to reach the critical percolation regime. Both electrical and rupture properties could be explained from effective medium approaches. [6] that the Griffith criterion could be extended in the presence of these interactions and the analysis could be reduced to the study of the generic configuration involving one crack in close proximity (to within a distance 5) to a border created by another crack (Fig. 2) . The analysis of the stress enhancement in this configuration leads to the prediction of the critical behaviour of the rupture threshold. In general the critical exponent of the rupture is distinct from its discrete counterparts and crucially depends upon the deformation mode. However if the sheet is thin, buckling (out of plane deformation) occurs in order to relax more efficiently the in-plane elastic stresses [6] . In figure 3b which represents the logarithm of the conductivity Fig. 3a) versus Log (Ne -N ) for a distribution of cracks on a square lattice. The straight lines 1 and 2 have a slope respectively equal to 1 and 2. averaged over the three experiments presented in figure 3a as a function of Log (Nc 2013 N ) with Nc ~ 338. Notwithstanding the limited range over which the scaling is expected to be valid, we find that M1 (N ) is well fitted, in the vicinity N ~ Nc by the functional form of the normalized number of cracks for a continuum distribution : a) linear scale, b) log-log representation near the percolation threshold of the average over two experiments. In this example, the system size is --, 30 x 30 cm, the length of the cracks is a = 3 cm and the percolation threshold is Nc = 490.
with t = 1.3 ± 0.2. A similar fit carried over for each of the three experiments gives values ranging from 1.2 to 1.4 confirming this result. Note that we have presented these fits for completeness but remain aware of their limited value coming from the smallness of the range over which they have been obtained.
In model 2, the scaling regime is clearly observed and a measure of the exponent t can be made with better confidence than for model 1. In figure 4b , the log-log plot version of figure 4a is presented from which we deduce the critical exponent t = 1.4 ± 0.1 near the percolation threshold, also in agreement with the theoretical value 1.3 [5, 6] . Local figure 5 . One bar is fixed and an external force F is applied to the other mobile bar. Figure 6a represents the failure threshold stress Fr for model 2 as a function of the number of cracks. We see that a small number of cracks decreases markedly F,. This decrease is stronger for the rupture stress than for the conductivity and can be understood from the fact that the rupture stress is sensitive to high order moments of the distribution of the stresses. At low concentrations, the failure threshold could, in principle, be obtained from an effective medium approach [2] which translates into the mechanical context the ideas developed, for example, in the determination of an effective dielectric constant in a composite medium. In this approach, the effective stress felt by a given crack is considered as the sum of the extemal applied stress plus the stress created by the presence of all the other cracks. Due to the slow decrease (r-2) of the dipole stress created by a crack as a function of distance r, one must take into account the contribution of many cracks [2] . The method of reference [2] is based on the superposition technique and the ideas of self-consistency applied to the average traction on individual cracks. In principle, it yields approximate analytical solutions for the stress intensity factor accurate up to quite close distances between cracks. However, its implementation is quite cumbersome. We do not try to compare our results with this approach and rather focus on the critical behaviour near the percolation thresholds where all effective medium theories are bound to fail. The behaviour of the failure threshold in models 1 and 2 are different. This is due to the sensitivity of failure to the « weakest » part of the system or in other words to the largest and « more dangerous » defect occurring in the system [22, 25] . Dangerous defects are assemblies of neighboring cracks which interact constructively so as to create a strong tip enhancement factor. Due to the different topology of the two models, one expects [and we verify] that the failure threshold decreases, at first, more rapidly with N for model 1 than for model 2. This is due to the fact that all cracks weaken the system efficiently in model 1. Furthermore there is a larger probability for the occurrence of adjacent cracks which reinforce each other in model 1 due to its on-lattice construction than in the off-lattice model 2.
In the vicinity of the percolation threshold, we measure, on the log-log plot of figure 6b, Let us mention an interesting observation made on the system during its rupture. As we apply an increasing tensile stress as the two ends of the sheet, we observe a complex buckling and a marked tearing of the sheet. This is due to the fact that the macroscopic 2d-plate is not rigidly clamped, and because of its small thickness, its elastic curvature modulus is very small (proportional to e3 where e is the thickness of the foil). It is preferable for the elastic plate to buckle out of the plane in order to relax the in-plane elastic stresses. The screening of the strain by buckling is so efficient that one recovers the discrete-lattice exponents f m = du = 2.66 [6] . Without buckling, the predicted exponent should be f m = 3.16 [6] and would correspond to the dashed line in figure 6b, which is clearly not suitable for fitting the data.
The results of the failure threshold for model 1 are presented in figure 7 . We measure an apparent failure exponent around 1.4 ± 0.2 which is very different from the expected value 2.66. We believe that this apparent exponent is the signature of the crossover from a mean field behaviour to the critical regime. As for the conductivity problem, stress concentration screening is much less efficient in this model than in model 2 and finite size effects are more stringent. We have not tried to use larger systems because of the prohibitive time needed to prepare them. Indeed, contrary to the case of the conductivity, one needs a different foil for each measurement point since each determination of the failure threshold destroys the sample. 
Conclusion and perspectives.
We have presented experimental results on the conductivity and rupture properties of crack deteriorated systems. We hâve observed some of the regimes predicted in the theoretical analysis developed in reference [6] . In the off-lattice model 2, we have been able to reach the critical percolation regime and measure critical exponents. On the contrary, the behavior of the on-lattice models 1 is more akin to that of an effective medium clearly outside the critical regime because of the finite size of our systems, except in the close vicinity of the percolation threshold. The difference between the two models stems from different screening of the stress enhancement by neighboring cracks which change the sensitivity to finite size effects. In a sequel work, we intend to explore the regime of failure in the absence of buckling deformation and to verify the existence of a directed percolation threshold for the mechanical behaviour.
